How many 24-hour recalls or food records are required to estimate usual energy and nutrient intake?
Quantos recordatórios de 24-horas ou registros alimentares são necessários para estimar o consumo usual de energia e nutrientes?
Introduction
The relevance of food intake in nutrition and health studies is already acknowledged. However, the measurement of food intake needs methods that combine simplicity, validity, and accuracy, which is a challenge given the constraints involved in this task 1, 2 .
Food records, 24-hour dietary recall (24hR), and the food frequency questionnaire (FFQ) are the most common dietary assessment methods. Food records and 24hR recalls are based on foods and amounts actually consumed by an individual on one or more specific day. FFQ obtain retrospective information on the intake of specific foods during a longer period 3 , allowing to estimate usual diet, which can be described as the mean intake over an extended period of time 3, 4, 5 .
Recall and record methods are often applied as reference methods in the assessment of FFQ validity. In this case, the energy and nutrient intake obtained by the FFQ is compared to the estimates resulting from one or more recalls or records from a representative sub sample in the study population 3 .
Instruments for dietary assessment should take into account the wide variability observed in individuals' and groups' intake. Food intake is affected by daily, weekly, and seasonal variations, and tends to suffer profound changes over the years. Therefore, to estimate associations between diet and health it is necessary to estimate ARTIGO ARTICLE Cad . Saúde Pública, Rio de Janeiro, 26(11):2101-2111, nov, 2010 an individual's usual intake 1, 3 . Variability in food intake arises because each individual differs in the types and amounts of food consumed from one day to the next (intra-individual or withinsubject variability) and also because individuals differ from each other in their food intakes (interindividual or between-subject variability) 3, 6 .
The error caused by the variation above and below an individual's true long-term intake is the main source of random error in dietary data obtained for one or several days; this error tends to vary according to the dietary factor under observation: energy, nutrients or foods. For methods that are based on the assessment of one day of dietary intake, if one or several days are taken into account to estimate usual food intake, beyond errors in the individuals' estimates, random errors are also observed when comparing individuals. Such errors can lead to biased estimates of the association between dietary factors and an outcome and can modify FFQ validity estimators 2, 6, 7, 8 .
Therefore one or two days of food intake reporting does not usually represent with accuracy the usual food intake, and any estimations derived from such records may be spurious. It has been demonstrated that the within-subject variance can be used to estimate the number of 24hR or food records required to estimate usual intake of energy, nutrients, and food groups 9, 10 .
For the Rio de Janeiro population, there are no studies estimating the number of replications required for assessing energy and nutrient intake for adults and adolescents. Nonetheless, this information is crucial for epidemiological studies analyzing the relationship between diet and disease, since it is necessary to correctly classify an individual's dietary intake and/or to estimate with good precision the usual absolute energy and nutrient intake, in order to avoid spurious estimators.
In this article, data from two different studies on dietary intake carried out among adolescents and adults from the Rio de Janeiro Metropolitan Area were analyzed with the objective of determining the number of 24hR and food records replications required to estimate usual energy and nutrients intake. Two methods were applied; the first is based on the within/between-subjects variances ratio for energy and nutrient intake 7, 11 . And the second is based on the within-subject variance alone 7, 12 . We also estimated the nutrient intake crude means and de-attenuated in order to help understand the variability behavior across the different items analyzed.
Methods Adolescents
The study with adolescents was approved by the Institutional Review Board of the University of the State of Rio de Janeiro on January 13, 2005; study participants over the age of 18 or the legal guardians of younger adolescents signed informed consent forms. The data were collected between May, 2005 and November, 2006. The purpose of the study was to validate a FFQ designed for adolescents living in the Rio de Janeiro Metropolitan area having as reference method a set of three food records. The selection of participants was planned to include individuals aged between 12 and 19 drawn from different socioeconomic backgrounds and areas. Therefore, a non-probability convenience sample of 169 adolescents (100 girls and 69 boys) from sixth and seventh grades of a public school in Niterói (n = 66), from high school in a private school of Rio de Janeiro (n = 38), and from a low-income neighborhood in Duque de Caxias (n = 65) completed three food records on non-consecutive days.
The adolescents wrote down every food and beverage (except water) that they have consumed on two weekdays and on one weekend day during a three week period. Their notes also included preparation, ingredients, measurements based on household utensils or volume and mass units, and the time and place of meals.
To improve the quality of the recorded information, on the following day of the register, the records were reviewed by a nutritionist along with the adolescents.
Adults
The study sample included 263 adults (123 men and 140 women), 20-59 years old, sub sampled from a population-based survey conducted in Duque de Caxias, a municipality in the Rio de Janeiro Metropolitan area. This study was approved by the Institutional Review Board of the Institute of Collective Health, Federal University of Rio de Janeiro; participants signed informed consent forms. The participants completed three 24hR obtained on non-consecutive days during a one-month period. The data were collected in face-to-face interviews administered by trained nutritionists from March to December, 2007.
Body mass index (BMI)
Adolescents were weighed using an electronic portable scale to the nearest 0.1kg (Plenna, São Paulo, Brazil) and height was measured with a portable stadiometer (Alturaexata, Belo Horizonte, Brazil). Adults also were weighed with an electronic portable scale to the nearest 0.1kg (Tanita mod. BC553, Arlington Heights, USA) and the stature was measured with a portable stadiometer (Sanny, São Bernardo do Campo, Brazil). BMI was estimated as weight (in kg)/height 2 (in m). The nutritional status was classified according to the World Health Organization (WHO) 13 proposal for adults. For adolescents, the age-sex specific BMI cutoffs proposed by the International Obesity Task Force (IOTF) 14 were used to diagnose overweight and obesity. To identify low weight among adolescents the criteria proposed by the WHO were applied 13 . 15 and serving sizes 16 were used to estimate the nutritional composition of preparations that were not included in the software database.
Data analysis
The within-and between-subject variances were calculated for the food records and 24hR estimations of energy and nutrients intake. Crude and de-attenuated mean intakes were estimated for both adolescents and male and female adults, based on the three food records and 24hR means. The intake of energy and nutrients was de-attenuated using the methodology proposed by the Iowa State University 17, 18 and PC-Side v.1.0 (Software for Intake Distribution Estimation. The Center for Agricultural and Rural Development, Iowa State University, Iowa, USA).
The Iowa State University method is based on a complex model that uses a two-stage transformation to obtain estimates of usual energy and nutrient intakes from food records and 24hR. The advantage of using this method over the traditional analysis using regression models or ANOVA is the possibility of allowing the within-person variance to vary across individuals, reflecting the fact that some individuals may have a more varied diet than others and it can also account for biases due to seasonality, day-of-week, and time-in-sample effects as part of its initial adjustments 19, 20 .
To apply the Iowa State University method the PC-Side software was used which is designed to examine the distribution of each nutrient and perform the appropriately transform skewed distributions using the Box-Cox procedures and also to perform adjusted back-transformation of the data 19 . The PC-Side uses a measurement error model for observed daily intakes, in which the observed intake for an individual on any day is equal to that individual's usual intake plus a measurement error. The usual intake variance is the inter-individual variance (between individuals variance: The de-attenuation factor is multiplied by the estimated individual means (of two 24hR) to estimate the intermediaries' values, which did not represent the real individuals' intakes but are used to describe the distribution of de-attenuated typical intakes 19 .
Replications of 24hR and food records in the estimation of the usual intake
The number of 24hR or food records required to obtain reliable estimates of nutrient intake was determined by two different methods: one using both within-and between-subject variances and another using only the within-subject variability.
Black et al. 11 proposed a method to estimate the number of replications of food records and 24hR based on the expected correlation coefficient between the observed and actual intakes (equation 2). A higher value of r indicates a higher proportion of subjects correctly classified and a lower proportion of misclassified individuals. If the within/between variances ratio is low, then fewer days of observation are required to classify subjects correctly. is the within-between-subject variance ratio.
On the other hand, Beaton et al. 12 estimated the number of replications of 24hR and food records taking into account the estimation of intakes of energy and nutrients with a given level of confidence (equation 3). Using this calculation, the number of days calculated allows the observed mean intake to lie within a specified percentage of the true mean in 95% of the estimations. d = (Z α . CV w D) 2 (equation 3) Where: d: is the number of replications required; Z α : is the normal deviate, e.g., 1.96; CV w : is the within-subject coefficient of variation, calculated as square root of within-subject variance (standard deviation) divided by the mean intake; D: is the specified error given as a percentage of the true usual intake. In this study, estimates of replications were done considering 10% and 20% of error.
Results

Adolescents
The adolescents' mean age was 15.4, standard deviation (SD) was 1.9 years old, plus 44% (n = 74) of the adolescents were under the age of 15 years. There were no statistically significant differences in age distribution for boys and girls. The prevalence of overweight was 15% (Table 1) .
For girls, the de-attenuated means of nutrient intake tended to be slightly higher than crude means, except for protein, that suffered a reduction, and polyunsaturated fat, that did not change after de-attenuation. For boys, the means reduced after de-attenuation, except for carbohydrate, fiber, and vitamin A. As was expected, the distributions' standard deviation reduced after de-attenuation for both genders (Table 2) .
Within-and between-subject variance ratios ranged from 0.9 (calcium) to 3.0 (vitamin A) for boys and from 1.3 (calcium) to 9.0 (polyunsaturated fat) for girls, demonstrating that girls presented higher within-subject variability than boys (Table 3) .
For boys, the number of required replications of 24hR and food records based on expected correlation coefficients between observed and real intake equal to 0.8 ranged from two (energy, carbohydrate, total fat, saturated fat, calcium, iron) to five days (cholesterol); and for girls, those figures ranged from two (calcium) to 16 days (polyunsaturated fat) ( Table 4 ). The estimation of the required replications of 24hR and food records based on the admitted error and on the withinsubject coefficient of variation resulted in a larger number of replications. The estimations of usual energy and nutrient intakes within 10% of error would require from 14 (energy) to 311 days (vitamin A) for boys and from 11 (protein) to 172 days (vitamin A) for girls ( Table 5 ). As expected, the estimations with 20% error needed fewer replications: the maximum number of replications required for boys was 78 days and for girls, 43 days (Table 4) .
Adults
The mean age of adults was 41.4, SD = 11.2 years old, and 43% of the examined sample (n = 112) were aged between 20 and 40. There were no statistically significant differences in the distribution of age for men and women. The prevalence of overweight was 66% (Table 1) .
For women, the de-attenuated means of energy, cholesterol and vitamin A were slightly higher than crude means and the mean intake of calcium reduced after de-attenuation. The other nutrient did not modify or suffered minor changes after de-attenuation. For men, the means of energy, protein, carbohydrate, total fat, calcium, and vitamin A reduced after de-attenuation; for the other nutrient the means did not change. As was the case with the adolescents, the standard deviations reduced after de-attenuation (Table 5) .
Within-and between-subject variances ratios ranged from 1.0 (carbohydrate) to 15.6 (cholesterol) for men and from 1.7 (energy) to 4.3 (vitamin A) for women ( Table 3) .
The estimation of the required replications of 24hR and food records to estimate usual energy and nutrient intakes based on correlation coefficients equal to 0.8 ranged from two (energy) to 28 days (cholesterol) for men and three (energy, carbohydrate, total fat) to eight days (vitamin A) for women ( Table 4) .
The estimation of the required replications of 24hR and food records based on 10% error in the estimation of absolute energy and nutrient intake resulted in more replications, mainly for calcium (37 replications) and fiber (30 replications) for men and fiber (46 replications) and cholesterol (50 replications) for women ( Table 5) . As expected, to estimate nutrient intakes within 20% of usual intake, less repetitions were required, reaching the maximum of nine days (calcium) for men and 12 replications (cholesterol, fiber) for women (Table 4) . 
Discussion
Adjusting energy and nutrient intake estimates by the within and between variance is a crucial step in the analysis of data on food intake in order to reduce errors in dietary intake assessment. Such errors usually introduce bias and/or attenuate association and risk measurements in analytical studies and in validation studies of dietary assessment methods. The number of 24hR and food records replications depends on the study objectives, on the dietary factor under observation, on the desirable precision and/or on the expected degree of correlation between the observed and the actual intake 3, 21 .
In this study, two methods were applied to estimate the number of 24hR or food records replications needed to estimate usual food intake. The first is based on the within/between individual variances ratio plus the expected correlation coefficient between observed and actual food intake. The second is based on the intra-individual variation coefficient and in the error tolerated in estimation of absolute values of energy and usual nutrient intake 7 . These two alternatives complement each other as the first is related to the food intake categorization and the second is related to the actual intake estimates. In studies that assess the validity of FFQ against 24hR or food records, it is recommended to use the number of replications obtained with the method based on the variances ratio and the correlation coefficient. On the other hand, when the study objective is to estimate the absolute usual intake, the method of choice for calculating the number of Table 3 Within and between proportional variance, respective coeffi cients of variation *, and variance ratio (within/between) for energy and nutrient intake of adults and adolescents **. 24hR and food records replications should be the one based on the intra-individual variance and a certain degree of precision 7, 21 . The study showed that to rank the adolescents' energy intake considering a correlation coefficient of 0.9, at least four replications of 24hR or food records would be necessary for boys and seven replications for girls. Costa et al. 4 estimated the variances ratio ranging between 1.35 and 2.62, and also calculated that at least six replications of 24hR are needed in order to estimate the usual diet of adolescents from São Paulo, Brazil.
Nelson et al. 21 indicated that at least nine food records replications were needed to obtain a coefficient correlation of 0.9, in the comparison between observed and actual usual food intake; in this case, the energy intake variances ratios were 1.9 and 2.2 for boys and girls with ages between 5 and 17 years old, respectively.
To observe a correlation coefficient of 0.7, which can be seen as realistic in studies validating food frequency questionnaires 3 , one day of 24hR or food records would be enough to estimate energy intake for boys and two replications would be enough for girls. The variance ratios for the macro and micronutrient intake were higher than for energy. Costa et al. 4 also referred to the need for at least 10 dietary assessment repetitions to estimate the usual intake of fat among adolescents from São Paulo. Therefore, studies that seek to calculate associations' measurements between the intake of specific dietary components, like the subtypes of fat, and the risk of developing diseases should be aware of Table 4 Number of days required for the estimation of energy and nutrients intake according to two different calculations. the high intra-individual variability of the intake of these items.
Among the adults, cholesterol and vitamin A presented the highest intra-individual variability (over 80% of the total intake variability). Additionally, men presented higher within variances than women, except for energy, which were about the same for men and women and for carbohydrates and fiber that were more variable among women. The variances ratio for protein and iron estimated for men were about double the values observed for women.
In this study, the number of required 24-hour recalls and food records replications among men can reach 67 days if a high degree of correlation (r = 0.9) between observed and actual cholesterol intake is considered. Along the different degrees of expected correlation coefficient, the number of 24hR or food record replications required to estimate energy intake was identical for men and women. Conversely, when considering the admitted error in the estimation of actual energy intake, the number of replications was greater for women than for men.
Nelson et al. 21 observed that the variance ratios were higher for women than for men, except for vitamin B 12 . Oh & Hong 22 observed that women over 60 also presented higher intra-individual variability than men of the same age: for the females, the within/between variances ratio ranged from 1.6 (carbohydrates) to 2.9 (fat), while among men, this ratio ranged from 1.4 (vitamin B 2 ) to 4.5 (vitamin B 1 ). On the other hand Tokudome et al. 23 indicated that to estimate usual energy and macronutrient intake of female Japanese dietitians between 10-35 days of 24hR or food records replications would be needed, when considering a 10% error. These results were comparable to the number of 24hR and food records replications calculated in this study for women (20-36 days of replication) with the same degree of precision.
Comparing male adolescents and adults, it was observed that the intra-individual variabil- Table 5 Energy and nutrients crude and de-attenuated mean intake (standard deviation -SD) and 95% confi dence interval (95%CI) of adults. ity was higher among men than among boys, except for fiber, which presented a higher within/ between variance ratio (2.2 vs. 1.7). The within/ between variance ratio for cholesterol intake among men and boys was strikingly contrasting (15.6 vs. 2.9); this finding could be related to the dietary habits of adult males which are more prone to eat cholesterol rich food, like snacks that accompany alcoholic beverages. Conversely, energy and nutrient intake variability was comparable for female adults and adolescents, except for polyunsaturated fat which presented higher intra-individual variability among the girls (2.8 vs. 9.0). The differences in the methods applied for obtaining data on dietary intake in adults and adolescents (24hR and food records) and the quality of the dietary report may have influenced those results. Gender and age are an important source of variability in dietary intake. Also it has been reported that there are differences in the intake of certain foods in diverse groups 20 , therefore the intake of nutrients is expected to vary according to the level of education, family size, smoking habits and physical activity 11 . However, estimating the within/between variances ratio taking into account too many factors may result in reduced between-subject variance and elevated variance ratio, which will require more replications of 24hR or food records to obtain accurate estimates of energy and nutrient intakes 7, 24 .
This analysis did not consider the effect of other confounders besides sex and age range; therefore the observed between-subject variance can be overestimated and the variances ratio attenuated, that could lead to sub-estimation on the number of 24hR and food records replications estimated. Nevertheless, our results were close to other similar studies, particularly those related to the within/between variances in adolescents and to the number of 24hR or diet records replications for women 4, 23 .
In this study, data on food intake was obtained for non consecutive days and included one weekend day per individual. As a result, the day of the week effect was avoided, as were misleading correlations associated with consecutive days of dietary assessment 3 .
The number of replications of 24hR or food records to be adopted is dependent on the dietary factor under analysis, the study objectives, and the available resources. In large epidemiological studies, usually, too many 24hR or food record replications is costly and operationally complicated. Sometimes, it is recommended to carry out a separate study in a sub sample of the study population with a reasonable number of dietary assessment replications to allow the correction of food intake estimates.
In the present study, the variability in food intake was larger among female adolescents and male adults. As expected, the variability in macro and micronutrient intake was greater than the variance in the intake of energy, particularly for micronutrients that are concentrated on few food items like vitamin A. Due to within variance, more observations were required to obtain estimates of absolute usual intakes than to classify subjects according to levels of energy and nutrients intake. 
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